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SUMMARY 


A  comparison  of  the  enzymes  of  pathogenic  protozoa  to  those  of  man  is 
of  fundamental  importance  to  the  search  for  much  needed  chemotherapeutic  agents. 

The  enzymes  involved  in  purine  salvage  are  of  particular  interest  because  most 
pathogenic  protozoa  lack  the  ability  to  synthesize  purines  ^  novo  and  con^ 
sequently  are  obligate  salvagers  of  performed  purines. 

This  project  involves  an  investigation  of  purine  and  pyrimidine  metabolism 
of  Leishmania.  Comparisons  of  their  biochemistry  will  be  made  within  the 
parasitic  group  and  to  their  host  cells. 

Basic  information  regarding  metabolic  capacities  of  these  organisms  will  be 
obtained.  Attention  will  be  given  to  the  mechanisms  by  which  these  organisms 
absorb  nutrients  from  their  environment.  These  mechanisms  involve  enzymes 
excreted  into  their  surroundings,  enzymes  located  on  the  cell  surface,  and  enzymes 
located  within  the  cell. 

Enzyme  and  transport  mechanisms  which  exhibit  differences  from  chose  of  host 
cells  will  offer  targets  for  chemotherapeutic  exploitation.  Inhibitors  will  be 
sought  which  will  affect  these  target  systems.  Those  inhibitors  which  are 
leishmanicides  will  then  be  tested  in  an  appropriate  animal  system. 

During  the  period  of  this  contract,  uptake  capabilities  of  L.  donovanl  (Khartoum 
strainrdrug  sensitive  visceral  leishmaniasis)  and  i.  mexicana  panamens is  WR  227 
were  investigated.  In  L»  donovani  WR  130  it  was  found  chat  N®  Methylaminopurine 
inhibited  uptake  of  hypoxanthine,  guanine  and  to  a  lesser  extent  adenine. 
6-Mechylaminopurine  9»ribofuranoslde  inhibited  uptake  of  adenosine  and  to  a  lesser 
extent  guanosine. 

In  L.  mexicana  WR  227  it  was  determined  that  at  least  two  loci  exist  for 
Che  transport  of  nucleosides,  one  for  adenosine  and  one  for  inosine  and  guanosine. 

Uptake  experiments  using  ^-formycin  B,  showed  chat  its  uptake  is  inhibited 
by  inosine  and  guanosine,  but  not  by  adenosine. 

The  following  enzymes  in  L.  mexicana  were  tested  for  Inhibition  by  formycin 
B  (2  uM  1  mM)  with  no  significant  effect  observed. 

.  adenine,  guanine  and  hypoxanthine  phosphoribosyltransferases 

.  Guanase 

.  Adenase 

•  Inosine,  guanosine  and  adenosine  nucleosidases 


Preliminary  studies  have  shewn  that  allopurinolriboside 
and  fonnycin  B  appear  to  be  effective  analogues  against  certain 
^^ecies  of  leishnania  and  trypanosones.  The  biochemical  mode 
of  action  of  these  conpounds  appears  to  be  similar  but  to 
vary  quantitatively,  CXir  preliminary  results  suggest  that  the 
most  critical  action  of  these  drugs  occurs  by  their  interaction 
with  RNA  and  DNA  metaboliem.  Investigations  will  be  made  on  the 
mode  of  action  these  conpoionds  teve  on  the  RNA  and  EWA  of 
sensitive  organisms,  and  hew  this  process  can  be  reversed  by  the 
addition  of  other  purines.  The  information  gained  fron  these 
studies  will  be  useful  in  the  design  of  more  potent  and  specific 
chemotherapeutic  agents. 

Other  purine  and  pyrimidine  analogs  found  to  be  inhibitory 
to  leishmania  will  be  investigated  for  their  effect  on  interference 
with  nucleic  acids  and  protein  metabolian. 


FOREJ^ARD 


In  conducting  the  research  described  in  this  report,  the  investigator  (s) 
adhered  to  the  "Guide  for  the  Care  and  Use  of  Laboratory  Animals," 
prepared  by  tine  Conmittee  on  Care  and  Use  of  Laboratory  Animals  of 
the  Institute  of  Laboratory  Animal  Resources,  National  Research  Council 
(DHEW  Publication  No.  (NIH)  78-23,  Revised  1978). 


Citations  of  coninercial  organizations  and  trade  names  in  this 
report  do  not  constitute  an  official  Department  of  the  Army 
endorsement  or  approval  of  the  products  or  services  of  these 
organizations . 


METHODS 


Rputine  Methods;  more  specific  procedures  currently  being  used  in  our 
laboratory  are  disussed  in  the  section  entitled  "Previous  Work  on  This 
Project. " 

Culture  Methods: 

The  organisms  used  in  this  project  have  been  obtained  from  the 
Walter  Reed  Amy  Institute  of  Research  through  the  courtesy  of  Dr.  Joan 
Decker-Jackson  and  Dr.  Jonatlian  Berman.  Ite  organisms  used  most  have 
been  Leishmania  mexicana  panamensis  WR  227  and  L.  donovani  WR  130 
(Khartoum  strain  drug  sensitve  visceral  leishnaniasis) .  Other  organisms 
presently  being  cultivated  in  this  laboratory  are  L.  braziliensis  WR  424 
(Murray  isolate  from  Panarta  causing  cutaneous  leishmaniasis)  7  L- 
braziliensis  WR  063  (Terborgh  isolate  from  Peru,  causing  mucocutaneous 
leishmaniasis) .  These  organisms  are  maintained  by  weekly  transfers  into 
Schneider's  medium  CGrand  Island  Biological  Co.,  Grand  Island,  N.Y. 

(Gibco)]  containing  10%  heat  inactivated  fetal  bovine  serum  (HIFBS:  GIBOO) . 

For  growing  large  batches  of  leishmaniae  proroastigotes.  Brain  Heart 
Infusion  Medium  (BHI)  containing  37  g  Difco  Brain  Heart  Infusion/liter 
water,  10%  heat  inactivated  serum  and  26  yg  hemin/ml  is  used.  Cells  are 
grown  at  26^  C  in  2000  ml  wide  Fembach  flasks  containing  250  ml  of  BHI 
and  hcirvested  during  the  exponential  growth  phase  day  4) . 

For  defined  biochemical  experiments  we  use  the  media  of  Steiger  and 
Black.  We  use  this  media  for  all  transport,  uptake  and  reversal  experiments. 
To  deplete  cells  of  purines  we  transfer  an  inoculm  from  Brain  Heart 
Infusion  into  Steiger  and  Black  minus  purine,  but  with  5%  serum,  and 
incubate  these  cells  48  hr  at  260C.  We  then  aseptically  centrifuge  these 
cells  500  X  g  for  10  min.  and  resuspend  them  into  fresh  Steiger  and  Black 
minus  purine.  We  resuspend  to  the  desired  number  of  cells  and  then  add 
the  purine  or  anedogue  we  wish  to  test.  By  treating  the  cells  in  this 
manner,  we  avoid  as  much  as  possible  interference  of  the  metabolism  of  the 
conpound  being  tested  by  purines  in  the  media. 

RE  lx  (Steiger  and  Black) 

Conponents  per  liter: 

A)  8.0g  NaCl 
400  mg  KCl 
200  mg  MgS04.  7H2O 

60  mg  Na2HP04.  2H20 
60  mg  KH2PO4 
2.0g  glucose 

B)  200  mg  L-arginine 
100  mg  D-histldine 
100  mg  L-isoleucine 
300  mg  L-leucine 
250  mg  L*lysine.HCl 

50  mg  L-methinonine 
100  mg  L-{4ienylalanine 
300  mg  L-proline 
400  mg  Ir-threonine 
50  mg  L-tryptophan 
50  mg  L-*tyro8ine 
100  mg  IrvaHne 


C)  300  mg  L-glutamine 

1.0  g  NaHCOs 
14.25  g  HEPES  (=60itM) 

20  mg  adenosine 

D)  1  mg  D-biotin 

1  mg  choline  chloride 

1  mg  folic  acid 

2  mg  i-inositol 
1  mg  niacinamide 

1  mg  D-pantothenic  acid 
(hemi-calcium  salt) 
1  mg  pyridoxal.  HCl 
0.1  mg  riboflavine 
1  mg  thiamine.  HCl 
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E)  2.5  mg  haemin 


^novani  will  be  naintained  in  male  Syrian  hamsters  by 
intraperitoneal  injection  of  infected  hamster  spleen  hcmogenate. 
i^stigotes  will  be  isolated  by  sterile  ranoval  of  infected  spleens 
which  are  then  homogenized  and  the  parasites  cleaned  by  differential 
centrifugation  (Krassner,  1966) . 

Enzyme  Studies 

In  all  cases  vttere  it  becomes  critical  to  resort  to  enzyme 
purifications  the  sequence  of  steps  envisioned  are  gel  filtration, 
isoelectrofocusing,  column  chromatography,  gel  electrophoresis,  various 
pH  changes  and  heat  treatments.  Activities  will  be  largely  determined 
by  the  use  of  radioactive  substrates.  When  possible,  commercial 
mamnalian  enzyme  preparations  will  be  used  to  ccapare  with  enzymes 
being  studied  in  the  protozoans;  otherwise,  mairmalian  (bovine  and/or 
rat)  liver  will  be  used  as  a  source  of  tissue. 

Enzyme  activities  are  determined  by  paper  chromatography  or  by 
paper  electr(^horesis  as  has  been  previously  described  (Kidder,  Dewey 
and  Nolan,  1977) ,  following  incubations  of  reactants  with  C  -  labeled 
substrate.  When  inhibitors  are  used  they  are  added  to  the  enzyme-buffer 
solution,  at  optimum  pH,  and  preincubated  10  min  at  35  .  After  reaching 
equilibrium  at  35^  the  radioactive  substrate  is  added.  The  reaction  is 
stopped  at  the  appropriate  time  and  the  reaction  mixture  is  streaked  on 
on  Whatman  #1  paper  for  descending  chromatography  or  for  electro¬ 
phoretic  separation.  Radioactive  peaks  are  located  with  the  aid  of 
a  Tracerlab  4tt  scanner  and  identified  by  co-chrcmatographs  of  authentic 
samples.  Quantification  is  accomplished  by  determining  the  areas  under 
the  peaks  by  planimetry.  Scnve  enzyme  activities  are  determined  using  the 
HPLC  equipped  with  a  scintillation  counter. 

In  those  cases  vbere  radioactive  substrates  are  not  commercially 
available,  they  will  be  synthesized  enzmatically  from  an  available  radio¬ 
active  precursor.  Spectrophotometric  assays  will  be  carried  out  if  a 
radioactive  assay  is  not  feasible.  In  general  the  assay  methods  that  will 
be  used  are  those  described  in  I4ethods  of  Enzymology  LI,  Purine  and 
Pyrimidine  Metabolian,  1978. 

Transport  and  Accumulation  Studies 

These  studies  are  carried  out  using  whole  cells  of  the  parasites  along 
with  labeled  purine  and  pyrimidine  bases  and  nucleosides.  Incubations  are 
carried  out  in  1.5  ml  microcentrifuge  tubes  in  the  presence  and  absence  of 
substrates  and/or  compounds  being  tested  for  inhibition. 

By  transport  is  meant  the  events  essential  to  translocation  of  the 
substrate  across  the  cytc^laardc  membrane.  As  a  consequence  of  this  trans¬ 
location,  substrates  may  become  available  to  intracellular  enzymes  and 
metabolized  to  chanical  forms  that  are  not  substrates  for  the  transport 
systems.  The  accumulation  of  such  metabolites  (as  well  as  of  the  chem¬ 
ically  unaltered  substrate)  is  properly  referred  to  an  uptake.  Uptake  is 
several  steps  removed  from  transport.  The  avcdlability  of  energy,  vhich 
may  determine  the  concentration  of  substrates  against  electrochandcal  grad¬ 
ients  and  the  activities  of  intracellular  enzymes  xiW.ch  affect  their  meta- 
bolian,  may  limit  uptake  but  are  not  directly  related  to  the  transport 
event  (  Berlin  and  Oliver,  1975) . 
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The  rrost  serious  problem  in  studying  the  process  of  transport 
as  distinct  from  uptake  is  the  failxire  to  determine  rates  at 
sufficiently  early  times.  As  with  enzyme  reations,  it  is  essential 
to  measure  initial  rates  in  order  to  determine  unidirectional  flux. 
This  period  is  clearly  incorpatible  with  prolonged  washings  or  cent¬ 
rifugations,  and  rapid  sampling  methods  must  be  employed .  A  tech¬ 
nique  was  devised  ]y/  Kidder,  Dewey  and  Nolan  (1978) which  facilitates 
rapid  measurement.  This  procedure  is  based  on  rapid  separation  of 
medium  frcm  cells  by  centrifugation.  Aliquots  of  cell  suspension 
are  placed  in  plastic  centrifuge  tubes  (1.5  ml  capacity),  radio¬ 
active  substrate  added,  vortexed  briefly  and  the  tubes  placed  in 
an  Eppendorf  microcentrifuge,  and  at  5  sec.  the  cells  are  rapidly 
sedimented.  Aliquots  are  placed  in  vials  for  coianting.  The  cells 
are  then  resuspended  by  vigorous  vortexing  and  two  furtlier  sanples 
are  taken  to  obtain  total  (zero  time)  counts.  The  presence  of  cells 
in  the  latter  samples  necessitate  a  correction  for  self  absorotion. 

The  difference  between  the  counts  reoresents  the  amount  of  substrate 
taken  in  by  the  cells. 

The  factor  used  for  correction  of  self ^^sorption  by  whole  cells 
is  obtained  incubating  cells  with  ATIP  (P  labels,  which  does  not 
encter  C.  fasciculata)  spinning  them  down  and  taking  aliquots  of  the 
supemant,  then  resuspending  the  pellet  by  vortexing  and  determing 
radioactivities.  The  difference  between  counts  obtained  with 
supemant  plus  cells  and  supemant  is  taken  as  self  absorption. 

Thirty  duplicate  experiments  are  conducted  and  an  average  taken. 

This  technique  that  we  have  used  for  C.  fasciculata  has  been 
successfully  used  in  investigating  uptake  of  purine  bases  and  nu¬ 
cleosides  in  African  trypanoscmes  (James  and  Bom,  1980) . 

Transport  and  uptake  experiments  dealing  with  macrophage  and 
tissue  culture  cells  will  be  by  the  method  of  Berlin  and  Oliver  (1975) . 

Protein 


Protein  will  be  estimated  by  methods  II,  III  or  IV  of  Layne 
(1957)  or  by  the  method  of  Kalb  and  Bemlohr  (1975) ,  d^^ending  on 
the  amount  of  protein  and  nucleic  acids  in  the  sanple. 

Inhibitor  Studies 


Most  inhibitors  selected  for  testing  will  be  structural  analogs 
of  the  enzymes  or  transport  systems  substrate  or  product.  Cotpcunds 
which  appear  as  likely  cnadidates  include  the  following: 

Formycin  B 

Fonnycin-B-monophosphate 

Formycin-A-TOno^rfiDsph^ 

Fom^in-A-diphosphate 

Formycin-A-triftosfrfiate 

Allopurinol 

Allopurinolrlboside 

4-amino- (3,  4-d)  pyrazolopyrimidine  6-4,  -  Dimethylallylamincpurine 
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ph€nYlbYdr4xiaopyglnidin> 

hydrQacyphmylaxopyrlmidin# 

2-Amiaopyr2aidin« 

ll6*Dln€athylad<nia> 

S^Marevtopurina 

6*!taahYlattrcaptoparina 

6*Chloropuria« 

2-M«tfaylad«niJi« 

l*D#mz«adanifl< 

Purina 

^2 ,  S-Diaminopurina 
2*Araadanina 
2-Aminopurina 

Isoguaaina 

d^^araguaaina 

2*iiydroxyparina 

d-Mathyladanina 

2*MathyXthio<*6«asdnopuriaa 

Klnatiin 

Hl-Matlxylhypoxaathina 
e^Mathy  1-  2*Qxypurina 
6*Phapy  1  ami  aopurina 
6*Banry  1  ami  nopuriaa 
&*arcnopurina 
6*Mathoxypurina 


coforaycin 

daoxyeofonnycia 

arythra-9-  ( 2-bydroxy*3-iiooyl)  adanina 
6-*Mreapto-9-(tatrahydro«2«furyl)  •puriaa 
2 (hydroxyaadne)  •9«B-D-ribofttraaoayl* 
purina 

6*lodp-9-  (tatrabydro-2-furyI)  -purina 
Xyloay  ladan  ina 
5-aathylro^ta 
isooorotic  acid 

4  r  2-subatittttad ,  oxazolo-C^  #  4-d]-pyriaidina 
•7-caa 

3-aaino-4-carbathoxypyra2ola 

3-aBino-4-carborypyrazola 

N^-baazylaminoporina 

Ng-(2-naphthylaBiao)  purina 

Nr-(2-tbanyIaaino)  purina 

H  -(2-pyridyIaBino)  purina 

5-cyanouraeil 

5-iodouraeiI 

5-fIuorocytoaina 

Azapyrlaidinaa 

5- fluorourmcil 

6- aminothyaina 
dihydroazaorotata 
S-nitroorotata 

iaoorotie  acid 


In  tha  avaai:  that  darimtivaa  of  foraycin  ara  synthaaizad  by  Or.  Boland 
K.  Bobinir  Diraetor  of  tba  Canear  Raaaareh  Caai:ar  in  Brovo^  Otah*  thaaa  will  ba 
taatad  for  growth  inhibition  and  if  affaetiva  thair  laoda  of  action  %rill  ba 
datarainad  at  tha  aambrana,  anxyaa  and  BNh  a  OHA  lawal.  Or.  R«X«  Bobins  is 
undar  contract  with  WBAlIl. 

Phaaa  Contract  Photography 

Coapounda  idiich  aff act  purina  or  pyriaidina  mataboliaa  will  ba  inwaatiga^ad 
to  aaa  what  affaet  thay  hawa  on  eallular  noxphology.  Thaaa  atadiaa  %rill  ba 
earriad  out  with  tha  uaa  of  a  Zaiaa  phaaa  eontraat  aieroaeopa  aguippad  with  a 
Polaroid  land  eamara. 

Hatabolic  Pata  of  tnhibitora 

Spactroaeepie  and  chronatogri^^hic  nathoda  will  ba  uaad  to  datazaina  tha 
aatataolie  fata  of  inhibitora. 


Most  of  the  metabolian  studies  will  be  performed  using  our 
waters  HPLC  system  equipped  with  a  UV-detector  and  an  on-line 
scintillation  counter  (HS  model)  purchased  from  Radicmatic  Instruments. 
Using  this  system  we  are  able  to  use  dual  labeling  f  which  cU.lows 
us  to  follcw  the  radioactive  fate  of  two  radioisotopes  at  cne  time. 
D^^ending  on  the  type  of  separation  (anion-exchange  or  reversed-phaise) , 
the  system  measures  simultaneously  the  concentration  and  radioactivity 
for  a  given  chromatographic  peak.  Rapid  and  reproducible  results 
nay  be  obtained  and  recorded  as  both  analog  (peak  trace)  and  digital 
output  (peak  integration) .  Through  the  use  of  purine  and  pyrimidine 
precursors,  it  is  possible  to  study  in  a  systematic  way  the  overall 
metabolian  of  nucleotides,  nucleosides  and  bases 

Our  system  is  similar  to  that  of  H.  Kyle  Webster's  at  WRAIR. 

At  the  present  time  we  are  using  a  radial-pak  u  Bcsx^ak  C-18 
cartridge  with  a  Z-module  system  (W&ters  Assoc.,  Milford,  MA)  for 
separation  of  purine  bases  and  nucleosides.  An  isociatic  solvent  of 
50%  methanol;  H-O  is  being  used  to  sepeurate  most  bases  and  nucleosides, 
but  to  s^sarate'^formycin  A  from  fonnycin  B  we  use  10%  methanol;  H-O  at 
a  flow  rate  of  3  ml/min.  (Fig.  1) .  To  separate  nucleosides  and  nuc¬ 
leotides,  we  use  a  Waters  Radial-Pak  SAX  cartridge  with  the  Z-module 
using  a  gradient  of  KH2P0.;KC1  and  varying  flow  rates  (Fig.A,B).  As 
regards  the  analysis  or  fdrmycin  B  and  its  metabolites  we  are  trying 
the  conditions  reported  by  Rainey  &  Santi  (FNAS,  1983,  Februeury  issue) 
and  of  Hosscmando,  et  al  (Aneil.  Biochem.  ]^,  80-88,  1981).  The  pro¬ 
cedure  used  by  Rosscmando  takes  advantage  of  the  fluorescent  properties 
of  the  fomycin  derivatives  ;diich  is  much  more  sensitive  than  UV- 
detection.  He  also  uses  a  reverse-pbase  isocratic  systen  for  separation 
of  fonnycin  nucleotides  vbich  is  quiclcer  and  has  less  UV  background 
noise  than  the  conditions  reported  by  Rainey  &  Santi. 

Pr^aration  of  cell  extracts  aure  done  by  the  method  of  Pogolotti 
&  Santi  (Anal.  Biochem.  126,  334-345,  1982).  Briefly,  this  method 
involves  O.SMTCA  extraction  and  centrifugation  at  4°C  and  the  supemant 
is  aspirated  and  added  to  an  equal  volume  of  cold  freon  containing 
0.5  M  tri-n-octylandne.  ^The  mixture  is  vorteted  and  centrifuged 
(12,000  g,  30  sec.)  at  4°  C,  the  IcMsr  phase  is  removed  by  aspiratic»i 
leaving  the  near  neutral  aqueous  solution  of  nucleotides.  These 
extracts  are  then  stored  at  -70°C  if  not  used  inrroediately. 
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Partial  Purification  of  RKA  PolymT>s€  II 


Tha  DNA-dapandant  RKA  polymaraaa  II  or  B  from  tha  lowar  eukaryote 
Phyaarum  polycephalom  has  bean  purlflad  to  apparent  hoooganalcy  by  a  new 
Mthod  aaploylng  poly  (ethylene  lalna)  precipitation  and  elution,  and 
haparln-Sapharosa  affinity  chromatography  (Smith  and  Braun,  1978) .  Va  are 
presently  modifying  chair  method  of  purification  for  Isolation  of  RNA 
polymerase  from  Lelshmanla. 

The  following  column  and  conditions  will  be  used  In  Che  purification 
procedure. 

Buffers 


Buffer  1  will  contain  50mM  Iris  pH  7.9,  25Z  (v/v)  glycerol,  O.laM  EDTA, 
and  lOmM  2*mercapcoethanol*  Buffer  2  Is  buffer  1  only  containing  SmM  MgCl.« 
Buffer  3  will  contain  50mM  Trls  pH  7.9,  25Z  (v/v)  glycerol,  O.IMM  EDTA,  ImM  ^ 
dlchlothreltol. 

Poly  (ethylene  Imine) 

A  lot  (v/v)  solution  of  poly  (ethylene  imine),  will  be  prepared  and 
neutralized. 

DEAE*>  Sepharose 

DEA£*Sepharose  CL-6B  will  be  used  as  supplied  from  Pharmacia  Fine  Chemicals 
after  equilibration  with  buffer  2  containing  O.ISM  (NH^)2S0^. 

Heparin- Sepharose 

Separln- Sepharose  will  be  prepared  by  the  method  of  Iverus  (1971)  using 
CHBr*acclvated  Sepharose  4B  obtained  from  Pharmacia  Fine  Chemicals.  Heparin 
will  be  reacted  with  the  CNBr-activated  Sepharose  at  a  concentration  of  1.43mg 
heparln/ml  swollen  gel. 

Phosphocellulose 

Whatman  P-11  phosphocellulose  will  be  washed  with  acid  and  base  as  described 
by  Burges,  R  (1969)  and  equilibrated  with  at  least  25  column  volumes  of  buffer 
1  containing  O.OSH  (HH^)2S0^  before  use. 


RKA  Polymerase  Assay 

The  'low  UTP'  RKA  polymerase  assay  used  in  purification  assays  will  be 
modified  from  chat  described  by  Burgess  and  Burgess  (1974).  It  will  have  a 
final  volume  of  0.2  ml  and  will  contain:  ImM  dlthlothreitol,  ImM  MnCl.,  5mM 
MgCl^t  50nM  Trls  pH  7.9,  lOt  (v/v)  glycerol,  lOOug/ml  bovine  serum  alburn, 

30ug/ml  denatured  calf  thymus  DMA,  0.6mM  each  ATP,  CTP,  (jTP  and  0.5uM  [hi]  UTP 
(41  Ci/mel) .  For  the  purpose  of  determining  the  enzyme  actlvlcy  in  the  pooled 
fractions  at  the  various  stages  in  the  purification,  a  'high  UTP'  assay  mixture 
will  be  employed.  This  reaction  mixture  is  identical  to  Che  low  UTP  assay  mixture 
except  that  the  MgCl2  la  omitted,  the  total  UTP  concentration  Is  raised  to  0«6mM, 
and  enough  [^]  UTP  ts  added  to  bring  the  final  specific  radloactlvlcy  of  [3u] 

UTP  to  0.413  a/sol. 
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All  reaction  mixtures  will  be  terminated  with  SZ  (w/v)  trichloroacetic 
acid  containing  5mM  Na.P.O.*  The  trichloroacetic-acid* insoluble  material 
will  be  collected  on  glass ^fiber  filter  discs  (Whatman  GF/C)  and  washed 
thoroughly  with  2Z  (w/v)  trichloroacetic  acid  containing  5mM  Na,P20^.  After 
washing  the  filter  discs  once  in  ethanol,  and  drying  them  at  SO^C^for  5  min, 
they  will  be  counted  in  a  scintillation  mixture.  A  unit  of  RNA  polymerase 
activity  will  be  defined  as  that  amount  of  enzyme  activity  which  will 
catalyse  the  incorporation  of  1  nmol  of  UMP  into  trichloroacetic-acid- Insoluble 
material  in  the  high  UTF  assay  mixture  in  10  min  under  the  conditions  stated. 


Partial  Purification  of  DNA  Polymerase 

Cells  are  sonicated  in  O.IM  Tris-HCl,  pH  7.8  buffer  with  20%  (v/v)  glycerol 
and  fractionated  ^7  centrifugation  at  4®  in  a  Sorvall  SS-34  rotor  at  10,000  x  g 
for  1  hr.  The  pellet  is  discarded,  and  the  resulting  supernatant  fraction  is 
made  1%  (v/v)  in  respect  to  Triton  X-100  and  0.4M  in  respect  to  KCl.  After 
gentle  mixing  the  solution  is  centrifuged  in  a  Beckman  SW41  rotor  at  100,000  x  g 
for  45  min.  at  4®.  The  supernatant  fraction  is  then  passed  through  a  DEA£- 
Sephadex  column  equilibrated  with  buffer  containing  0.05H  KCl,  ImM  dithiothreitol, 
0.4M  KCl  and  10%  glycerol  to  remove  any  associated  nucleic  acids.  The  peak 
fractions  are  pooled,  concentrated  by  ammonium  sulfate,  dialyzed  and  put  on  a 
phosphocellulose  column  equilibrated  with  50mM  KCl  (Buffer  A).  The  column  is 
then  washed  with  20ml  of  buffer  containing  70mM  KCl  and  eluted  with  a  200ml 
linear  KCl  gradient  (0.1  -  0.6  MKCl)  in  50mM  Tris-HCl,  pH  7.5,  10%  glycerol. 

The  active  fractions  from  this  column  are  then  passed  over  a  DNA-agarose 
affinity  column  CO.Scm^  x  15cm)  at  0.15M  KCl,  and  eluted  with  120ml  linear 
gradient  of  0.15  M  -  1.2M  KCl  in  O.IM  Tris  -  HCl,  pH  7.8  buffer. 


DNA  Polymerase  Assay 

A  procedure  developed  by  Sigma  Chemical  Co.  is  used  in  our  laboratory. 

The  procedure  involves  the  use  of  a  pyrophosphate  reagent  which  is  useful  in 
measuring  activity  of  enzymes  which  generate  PPi.  Described  below  is  Sigma *s 
non- radioactive  assay  for  DNA  polymerase  using  the  pyrophosphate  assay  reagent. 


PRINCIPLE: 


d(pN)  +<iNTP  DNA  polymerase  d(pN)^  ^  PP, 

*  PP.-PFK  * 

PP^  +  F-6-P  — = - >  F-l,6TrDP  +  P^ 

F-1,6-DP  ^.424“%  gap  +  DHAP 


GAP 

20HAF  +  2S>NA1>H  +  2^** 


TPl 


^  DHAP 


GOH. 


2  glycerol- 3-pho8phate  +  2S-NAD'^ 


Abbrevlaciona:  d(pN)  >  Deoxypolynucleoclde 

dNTP  ■  Oeoxynucleoside  trlphosphace 
dAIP  •  Oeoxy adenosine  trlphosphace 
dCTP  ■  Oeoxycytldlne  triphosphate 
dGTP  ■  Deozyguanoslne  triphosphate 
TTP  ■  Thymidine  trlphosphace 
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REAGENTS  INCLUDE: 


A.  600  oM  Trls-Hd,  pH  7«d,  50  mH  MgCl29  10  mM  Mtrcapcoechanol. 

B.  1  mg/al  acclvat€d  calf-chyinua  DNA. 

C.  2  mM  each  (1AT?»  dCTP,  dGTP. 

0.  Pyrophosphace  Aasay  Reagent  reconeclcuted  with  4  ml  of  water. 

E.  8Z  Ampholytes,  pH  3*- 10. 

F.  1.0  mM  pyrophosphate  standard. 

G.  2  mM  TTP. 

UNIT  DEFINITION: 

One  unit  of  DNA  polymerase  will  generate  10  nanomoles  of  PP.  in  30  minutes 
at  37*C.  ^ 

CALCULATION: 

A..^/mln  X  3  ml  X  30  min 

Unlts/cuvet  - 

6.22  X  2*  X  O.Olumoles 


*  The  factor  2  accounts  for  rhe  fact  that  for  1  mole  of  pyrophosphate 
consumed  there  are  2  moles  of  S-NADH  oxidized. 


Isolation  of  Rlbosomal  Proteins 


There  appears  to  be  very  little  information  on  the  isolation  of  rlbosomal 
proteins  In  Lelshmenla,  so  we  will  use  the  method  reported  by  Petrldou,  Cuny 
and  Hayes  (1983)  for  the  isolation  of  rlbosomal  proteins  from  Tetrahymena. 

This  method  involves  all  operations  to  be  carried  out  at  0*4*.  Cells  will 
be  harvested  by  centrifugation  (2G00  x  g,  10  min),  washed  by  centrifugation  In  a 
solution  containing  20  mM  Trls*HCl,  100  mM  XCl,  5  mM  MgCl^,  6  mM  2-*mercaptoechanol, 
0.25M  sucrose,  pH  7.6,  and  resuspended  at  a  density  of  10^-10^  cells/ml  in 
the  same  buffer  with  or  without  addition  of  5  mM  iodoacetaalde.  Nbnldet  P_  will 
then  be  added  to  a  final  concentration  of  0.24Z  (w/v),  and  lysis  will  be  ^ 
allowed  to  proceed  for  10  min  in  an  ice  bath.  The  lysate  will  then  be  centrifuged 
at  12,000  X  g  for  15  min.  The  clear  supernatant  will  be  recovered,  and  its 
composition  adjusted  to  20  mM  Trls-HCl,  250  mM  fCCl,  2.5  mM  MgCl.f  6  mM 
2-mercaptoethanol,  pH  7.6.  ^ 

Rlbosomal  subunits  in  the  final  suspension  will  be  separated  by  centrifugation 
oo  35«8d  10*302  sucrose  gradients  prepared  In  20  mM  Trls*HCl,  2.5  mM  MgCl.# 

250  mM  ECl,  6  mM  2*mercaptoechanol,  pH  7.6.  Gradients  will  be  loaded  wltn  2-3  ml 
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of  suspension  (100-150  A2gQnm)  and  centrifuged  at  20,000  rpm  for  16 
hr  (SW  27  rotor) .  Subunits  will  be  concentrated  fiom  pcx)!^  gradient 
fr^^ions  by  c^trifugation  at  80,000  g  for  20  h,  after  raising  the 
Mg  cxxncentration  to  4nM,  or  hy  precipitation  with  polyetl^lene 
glycol  (final  concentration  12%  Cw/v^)  at  -20  u  for  20  non  after 
raising  the  Mg  ccxicentration  to  1(W1.  Precipitatated  subunits 
will  be  collecrted  by  centrifugaticDn  at  12,000  x  g  for  15  min. 

Subunit  pellets  prepared  by  either  method  will  be  resuspended  in 
20  nM  Tris-HCl,  240  itM  KCl,  5  tvM  M3CI2/  6  mM  2-merc^ptgethanol,  at 
a  concentration  of  100-200  A2gQnm/ml  and  stored  at  -70^. 

Protein  sanples  for  one-dimensional  gel  electrophoresis  will 
be  prepared  by  incubating  suspensions  of  40S  (0.72A«g^)  or  60S 
(0.95  A^g^)  subunits  in  50ul  of  0.05  M  Tris-HCl,  pH  678  SDS  2% 

(w/v),  glycerol  7.5%  (v/v) ,  2-merc:aptoethanol  1%  (v/v) ,  at  100° 
for  3  min.  Saitples  will  be  cooled  and  the  2-mer<3aptoethanol  con¬ 
centration  raised  to  6%  (v/v)  before  IcDading  onto  gels.  Polyacrylamide 
gel  elecrtrpphoresis  of  riboscinal  proteins  will  be  carried  out  using 
one-dimensional  SDS-polyacrylamide  gel  elecrtrcphoresis  as  described 
by  Adoutte  Panvier  (1980) .  Vfe  will  also  try  to  develop  a  method  of 
separating  riboscaties  HPLC  in  collaboration  with  Dr.  Lallan  Giri 
at  Pharmacia  Fine  Chemical  Co. 


Assay  of  Riboscxne  Functican 


To  assay  in  vitro  reasscxriation  of  riboscxnal  subunits,  samples 
of  purified  40S  and  60S  particles  will  be  dissolved  togeth^  at  0°C 
in  ISOul  of  2Cm  Tris-HCl,  10  mM  100  nM  KCl,  pH  7.6.  The^ 

solutions  will  then  be  incubated  at  28°C  for  30  min,  ccoled  to  0°C, 
and  100-wl  samples  will  be  analyzed  by  sedimentation  at  19,000  rpm 
for  16  h  at  4^  on  3.6ml  10-30%  (w/v)  linear  sucrose  gradients  pre¬ 
pared  in  20  nM  Tris-HCl,  10  nM  MgCl*/  100  nM  KCl,  6  nM  2-mercaptoe- 
ttenal.  Hie  distribution  of  A-gQrm^absorbing  material  in  the  cent¬ 
rifuged  gradients  will  be  recxiMM  and  the  percentage  of  this  material 
present  in  the  form  of  80S  ribosomes  will  be  c:»lc:rulated. 


Poly  U-directed  polyphenlalanine  synthesis  and  peptidyl 
transferase  acrtivity  will  be  measured  as  described  by  Rodrigues 
Pousada  and  Hayes  (1976) . 

Leishmania  Arastigotes  in  a  Cell-free  Medium 

A  mociific:ation  of  the  medium  cieveloped  by  (Pan,  1984  Experimental 
Parasitiology)  will  be  used  to  investigate  the  purine  metabolian 
of  L.  mexicana  pifanoi,  an  organism  ^diicdi  was  originally  isolated 
frcjn  a  skin  lesion  of  a  Venezuelan  patient  suffering  from  disseminated 
c:utaneous.leishnnaniasis  and  sent  to  H.S.P.H.  by  Dr.  J.  Convit  in 
1960  (Convit,  Kerdel-Vegas  and  Gordon,  1962) .  The  strain  was  cloned 
by  Pan  to  c^jtain  a  genetically  honogenecus  population.  The  media 
develcjped  by  Pan  are  modifications  of  F-69  (Pan,  S.C.,  1978)  for 
the  ciultivatlon  of  Trypanoscana  c^zi  amastigotes.  The  major 
iiDdif legations  are:  tlV  the  finalTcOTcentration  of  fetal  bovine  serum 
was  raised  to  25%;  (2)  HEPES  was  used  as  a  buffer;  (3)  the  cx>ncen- 
tration  of  sodium  blciarbonate  was  increased; 
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and  (4)  a  hlghar  concantraclon  of  nuclaocldaa  was  used  la  tha  acock  soluclon. 

For  our  Invaaclgaclona  va  will  vary  cha  purlna  coacancraclons  in  this 
aadluB  CO  obsarva  cha  affacc  oo  promaaclgaca  co  anasclgaca  cranafonaaclon* 

Wa  vUl  also  usa  diffaranc  radlolaballad  purlnas  Co  Ixtvaaclgaca  chair  upcaka 
and  nacabolisa  during  cha  cranaforaacion  procasa. 
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PREVIOUS  WORK  ON  THIS  PROJECT 


Efforts  during  Che  last  two  years  have  centered  on  the  following  areas: 

.  Characterization  of  purine  and  pyrimidine  transport  and  uptake 
capabilities,  and  testing  of  analogues  to  inhibit  these  pocesses* 

.  The  testing  of  purine  and  pyrimidine  analogues  in  growth  experi¬ 
ments  using  a  biochemically  defined  medium. 

.  The  setting  up  of  a  high  performance  liquid  chromatography  system 
equipped  with  a  UV-detector  and  an  on-line  scintillation  counter. 
Personnel  have  been  trained  at  the  Water's  HPLC  school  in  Milford, 

MA.  Techniques  for  the  separation  of  purine  and  pyrimidines  are 
being  tested  to  determine  which  ones  best  suit  our  needs. 

.  The  metabolism  and  mode  of  action  of  formycin  B  is  being  investigated 
and  being  cotspared  to  that  of  allopurinolriboside  and  4-amino- 
pyrazolopyrimidine  at  the  (a)  growth  level,  (b)  enzymatic  level 
and  (c)  at  the  level  of  translation. 

Research  during  the  next  two  years  will  be  a  continuation  of  all  the  above 
with  Che  major  effort  in  comparing  the  mode  of  action  of  formycin  B  to  that  of 
allopurinolriboside  and  4-aminopyrazolo  (3,4-d)  pyrimidine  at  the  enzymatic 
level  and  at  the  level  of  translation  and  transcription. 

DMA  y  RNA _ ^  protein 

transcription  ^  translation  ^ 


During  the  period  of  this  confact,  uptake  capabilities  of  L.  donovanl 
(Khartoum  strain-durg  sensitive  visceral  leishmaniasis)  and  L.  mexicana  panamensis 
WR  227  were  investigated.  In  L.  donovani  WR  130  it  was  found  that  N^Methylamino- 
purine  inhibited  uptake  of  hypoxanthine,  guanine  and  to  a  lesser  extent  adenine. 
6-Methylaminopurine  9-ribofuranoside  inhibited  uptake  of  adenosine  and  to  a  lesser 
extent  guanosine. 

In  1.  mexicana  WR  227  it  was  determined  that  at  least  two  loci  exist  for 
the  transport  of  nucleosides,  one  for  adenosine  and  one  for  inosine  and  guanosine. 

Uptake  experiments  using  ^-fonorcin  B,  showed  that  its  uptake  is  inhibited 
by  inosine  and  guanosine,  but  not  be  adenosine. 

The  following  enzymes  in  L.  mexicana  were  tested  for  inhibition  by  fomycin 
B  C2  uM  -  1  mM)  with  no  signficant  effect  observed. 

•  adenine,  guanine  and  hypoxanthine  phosphorlbosyltransferases 

Guanase 

Adenaae 

Inosine,  guanosine  and  adenosine  nucleosidases 
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Prttllnlnary  studies  have  shown  that  allopurlnolrlboslde  and  fornycin  B 
appear  to  be  effective  analogues  against  certain  species  of  Xelahnanla  and 
trypanosoiaes  •  The  blochesnlcal  node  of  action  of  these  compounds  appears 
to  be  similar  but  to  vary  quantitatively.  Our  preliminary  results  suggest 
that  the  nost  critical  action  of  these  drugs  occurs  by  their  interaction  with 
ribosomes  and  DMA. 

Formycln  B(FoB)  Is  a  structural  analog  of  Inoslne  that  is  a  potent 
inhibitor  of  telshmanla  multlplicatloa.  FoB  Is  reportedly  converted  to 
formycln  A  nucleotides  and  fomycln  A«*contalnlng  RMA  by  the  organisms,  and 
It  Is  unclear  whether  the  active  form  of  the  drug  is  the  nucleoside  itself  or 
its  several  metabolites. 

We  have  found  that  the  uptake  of  FoB  by  Lelshmanla  mexlcana  promastlgotes 
was  linear  up  to  4  hours,  and  resulted  in  a  6-fold  concentration  of  FoB  and 
Its  nucleotide  metabolites  within  the  organisms  compared  to  the  extracellular 
medium.  The  metabolites  — FoB-MP,  FoA-MP,  FoA-DP,  and  FoA-TP — and  Fo A- containing 
RMA  have  previously  been  demonstrated  in  FoB  exposed  Lelshmanla  (Rainey  and 
Santl,  1983;  Nelson  et  al,  1982;  Berman  et  al,  1983).  The  possibility  that 
FoB  itself  i^ght  inhibit  parasite  function  led  to  the  investigation  of  the 
effect  of  FoB  on  purine  nucleoside  uptake  and  purine  base  phosphor Ibosy la t Ion. 
Otider  the  conditions  employed,  neither  nucleoside  transport  nor  base 
phosphorlbosylatlon  was  significantly  Inhibited  by  FoB. 

We  demonstrated  that  FoB  did  profoundly  decrease  DMA,  RMA,  and  protein 
synthesis  as  early  as  1  hour  after  exposure  of  the  organisms  to  the  drug, 
and  decreased  synthesis  of  all  three  macxomolecules  at  24  hours  by  >90Z. 

Because  Inhibition  of  protein  synthesis  coxild  be  a  consequence  of  Inhibited 
mBKA  translation,  we  Investigated  whether  translation  was  inhibited  by  the 
FoA  nucleotides  formed  in  FoB-exposed  organisms.  When  either  FoA-MP  or  FoA-TP 
was  prslncxibated  with  heated  control  mRMA,  translation  was  Inhibited  by  90Z. 
Heating  of  mBNA  Is  recoimended  (lynedjlan  and  Hanson,  1977)  In  translation 
studies  to  partially  correct  for  folding  of  the  messenger  during  its  isolation. 

The  above  Inhibition  may  be  due  to*  non-specific  binding  of  the  FoA  nucleotides 
to  the  mRNA.  When  either  FoA-MP  or  FoA*TP  was  preincubated  with  the  reticulocyte 
lysate,  translation  of  mRNA  was  inhibited  by  approximately  SOZ.  It  has 
recently  been  demonstrated  In  such  lysates  that  exogenous  AMP  inhibits 
polypeptide  chain  elongation  (Mosca,  1983),  and  that  ATP  is  a  necessary 
cofactor  for  maximum  protein  synthesis  (Jackson,  1983) .  The  close  structural 
similarity  of  FoA-MP  to  AtfP  and  FoA-TP  to  ATP  suggests  that  the  mechanisms 
by  which  Foi^MP  and  Foi^TP  Inhibited  translation  In  these  experiments  could 
be  Inhibition  of  polypeptide  chain  elongation  and  inhibition  of  ATP  utilization, 
respectively . 

Inhibition  of  protein  sythesls  In  FoB  exposed  organisms  ml^t  also  be 
due  to  difficulty  In  translation  of  mBNA  made  by  the  organisms*  The  demonstration 
chat  translation  of  nBXA  from  such  cells  was  67Z  Inhibited  compared  to  control 
nttlA  suggests  that  om  mechanism  for  the  effect  of  FoB  on  Lelshmanla  la  inhibited 
translation  of  FoA-contalning  aBHA. 


this  is  appamtly  ch«  first  report  in  which  the  mechenisns  by  which 
entileishaeniAl  purine  nucleotides  inhibit  protein  synthesis  have  been 
elucidated.  The  data  we  have  obtained  supports  the  hypothesis  that  the 
FoA  nucleotides  and  FoA-containing  RMA  formd  in  FoB-exposed  organisms  are  at 
least  partially  responsible  for  the  activity  of  the  drug. 


RESULTS  DURING  LAST  YEAR, 


Host  of  otir  tiate  during  the  last  year  has  centered  on  the  partial 
purification  of  Wk  and  DNA  polymerase  for  the  purpose  of  determining  how 
FoA  nucleotides  are  incorporated  Into  KNA  and  to  determine  if  FoA  nucleotides 
inhibit  DNA  polymerase* 

A  comparison  of  RNA  and  DNA  polymerase  of  Lelshmanla  to  host  cells 
would  also  help  in  the  design  of  antileishmanial  drugs. 

We  have  had  considerable  difficulty  in  the  isolation  and  the  maintenance 
of  stability  of  these  two  very  important  enzymes.  We  have  worked  out  many 
of  our  difficulties  with  DNA  polymerase,  but  we  are  still  working  out  the  best 
procedures  for  the  isolation  of  RNA  polymerase  from  I.,  mexicana  WK  #227. 

For  the  RNA  polymerase  assay  many  methods  were  tried.  We  found  the 
most  success  with  a  method  adapted  from  Smith,  Steven  and  Braun  (1978)  Eur. 
Blochem.  82,  309*320.  This  assay  has  a  final  volume  of  0.2  ml  and  contains 
the  following:  ImM  dithiothretlol,  ImM  HnCl.,  3mM  MgCl2,  50mM  Trls  HCl  (pH  8.0), 
lOZ  (v/v)  Sigma  glycerol,  100  yg/ml  bovine  serum  albumin,  0.6  mM  ATP,  CTP,  and 
GTF,  30  ug  denatured  DNA,  and  0.57  uM  (%]  DTP  (36  Cl/nmole  ICN) . 

During  nucleotide  concentration  studies  ATP  was  omitted  and  the  appropriate 
nucleotide  (ATP,  FoAHP  or  FoATP)  was  added  to  the  assay.  These  types  of 
experiments  were  performed  to  test  how  well  ATP  analogs  served  as  a  substrate 
for  RNA  polymerase.  All  samples  were  incxibated  at  30 for  10  minutes.  The 
reaction  was  stopped  by  adding  0.8  ml  of  5Z  TCA  +  20  mM  Na.H2P2p7*  Samples 
were  then  filtered  on  Whatman  GF/C  filters  and  washed  twice  wl»^2Z  TCA  2  mM 
^4^2^2^7*  thm  counted  in  7  ml  of  scintillation  fluid. 

We  found  more  activity  with  denatured  DKA  than  native  DNA.  Activity  was 
decreased  as  much  as  34  .SX  when  using  native  DNA  over  denatured  DNA. 

RNA  Polymerase  Purification 

Our  purification  technlqtie  is  a  modification  of  that  used  by  Jendrisak, 
and  Burgess  (1975)  Blochem  (14)  21,  4639*4645  and  Smith  and  Braun  (1978) 

Eur.  J.  Blochem.  82,  309-320. 

Frozen  (*70*C)  L.  meadcana  227  cells  or  freshly  harvested  cells  are 
stispended  in  a  0.2M  Trls  HCl  (pH  8.0),  SOX  (v/v)  glycerol,  0.2M  EDTA,  20  mM 
2*mercapcoethanol  and  IX  Triton  100  solution.  This  suspension  is  sonicated  and 
then  centrifuged  at  13,000  x  g  for  30  min.  The  supernatant  is  filtered  through 
glass  wool  to  remove  lipid. 

RNA  polymerase  and  protein  is  then  precipitated  from  the  supernatant  with 
Polymin  P  (Fig.  2) .  The  indicated  volumes  of  lOX  Polymin  P  were  added  to  1  ml 
aliquots  with  thorou^  mixing.  After  centrifugation  at  10,000  x  g  for  10  min, 

S  ul  aliquots  of  supematnats  were  assayed  for  RNA  polymerase.  The  optimal 
conditions  for  precipitating  the  RNA  polymerase  from  the  crude  extract  with 
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Polymla  P  was  determined  from  Che  curve.  As  seen  in  Flg«  2,  RNA  polymerase 
actlvlcy  Increases  as  Inhibiting  factors  are  precipitated  from  the  extract. 

At  a  volume  of  30  ul  of  Polymln  P/ml  extract*  KNA  polymerase  Itself  is 
precipitated.  SKA  polymerase  is  reported  to  be  released  from  the  pellet 
by  addition  of  (KH.KSO.  *  leaving  most  of  the  protein  and  nucleic  acids  in 
the  pellet  We  have  had  problems  with  this  step  since  the  inhibiting  sub¬ 
stances  also  seem  to  be  released.  So,  in  order  to  start  with  a  preparation 
with  high  actlvlcy  we  use  the  Polymln  P  supernatant  to  apply  to  colxunns. 

Fig.  3  shows  the  elution  of  RKA  polymerase  from  DEAF-cellulose  chromato¬ 
graphy.  This  is  a  very  efficient  step  resulting  in  a  15-fold  purification 
with  78Z  recovery.  High  recovery  during  chromatographic  steps  requires  the 
presence  of  high  glycerol  or  ethylene  glycol  concentrations  (25%  v/v)  in 
buffers.  The  latter  agent  was  chosen  because  of  its  lower  viscosity  and  density* 
A  1  ml  sample  of  a  Polymln  P  supernatant  fraction  was  applied  to  a  column 
(1.8  X  10  cm)  of  phosphocellulose  in  XEDG  +  0.075  M  (NH^)2SO..  The  sample 
was  followed  by  50  ml  of  XEDG  +  0.075  M  (NH^)2S0^  to  wash  out  unbound  protein. 

HKA  polymerase  was  then  eluted  either  by  a  salt  gradient  or  by  a  salt  step. 

For  salt  gradient  elution,  RKA  polymerase  was  eluted  with  a  linear  gradient 
of  (NH,)2S0^  from  0.075  to  0.25  M  in  100  ml  XEDG.  Fig.  2  shows  two  peaks 
of  RKA  polymerase  activity,  the  first  much  more  active  than  the  other. 

.  Amaniten  which  is  a  known  inhibitor  of  eucaryotic  RKA  polymerase  IX  was 
added  to  the  active  fractions  which  were  then  assayed.  The  activity  from 
Peak  1  was  62%  inhibited  by  1  ug/ml  -  amanitin.  The  activity  from  peak  1 
was  pooled  and  the  protein  concentrated  by  (KH^)2S0,  precipitation.  We  have 
foTind  the  enzyme  to  be  very  unstable  after  this  step,  and  we  are  currently 
trying  to  devise  a  method  to  stabilize  the  enzyme. 

We  have  found  the  enzyme  is  destroyed  by  excessive  sonlcation,  but 
sonlcation  is  necessary  to  release  RKA  polymerase  into  the  supernatant  (Fig.  4)  • 

We  varied  the  MgCl2  concentration  in  our  reaction  mixture  to  determine 
if  we  could  enhance  pol^erase  activity*  Fig.  5  shows  that  increasing  our 
concentration  of  MgCl2  from  1  mM  to  3  mM  had  a  beneficial  effect. 

We  varied  the  ATP  concentration  in  our  reactions  and  found  that  0.6  mM 
ATP  gave  the  optimal  activity  under  the  conditions  used.  To  determine  how 
efficiently  FoATP  and  FoAMP  were  used  as  substrates  by  RKA  polymerase,  ATP 
was  left  out  of  the  reaction  mixture  and  FoA  nucleotides  were  substituted 
at  varies  concentrations.  Fig.  6  shows  that  FoATP  is  only  13%  as  efficient 
as  ATP  in  serving  as  a  substrate  for  RKA  polymerase  under  the  conditions 
tested.  FoAMP  appears  not  to  be  a  substrate.  When  FoA  nucleotides  are  added 
to  an  assay  mixture  along  with  ATP,  we  see  slight  stimulation  to  no  effect. 


Partial  Purification  of  DMA  Polymerase 


We  have  partially  pruified  the  DMA  polymerase  from  L*  mexicana,  and  have 
tested  the  effect  of  formycin  A  nucleotides  on  this  enzyme.  Cells  were 
sonicated  in  O.IH  Trls-HCl,  pH  7.8  buffer  with  20%  (v/v)  glycerol  and 
fractio*natedby  centrifugation  at  4*  in  a  Sorvall  SS-34  rotor  at  10,000  x  g 
for  1  h.  The  pellet  was  discarded,  and  the  resulting  supernatant  fraction 
was  made  1%  (v/v)  in  respect  to  Triton  X-100  and  0.4M  in  respect  to  RCl.  After 
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g«ntle  mixing  the  solution  was  centrifuged  in  a  Beckman  SW41  rotor  at 
100,000  X  g  for  45  nln.  at  4"*,  The  supernatant  fraction  was  then  passed 
through  a  D£A£-sephadex  column  equilibrated  with  buffer  containing  0«05  M 
KCl,  ImM  dlthlothreitol,  0.4M  KCl  and  lOZ  glycerol  to  remove  any  associated 
nucleic  acids.  The  peak  fractions  were  pooled,  concentrated  by  aamonium 
sulfate,  dialyzed  and  put  on  a  phosphocellulose  column  equilibrated  with 
50idM  KCl.  The  column  was  washed  with  20  ml  of  this  buffer  containing  70mM 
KCl  and  eluted  with  a  200ml  linear  KCl  gradient  (0.1*0.6M  KCl)  in  40mM  Tris- 
HCl,  pH  7.5,  lOZ  glycerol.  Fig.  7  shows  the  DNA  polymerase  acitivity  profile. 

Initially  we  were  using  a  radioactive  assay  technique  Involving  filtration 
of  filter  pads,  but  the  assay  gave  mb  inconsistant  results  with  very  high 
backgrouxid  counts.  We  are  now  using  the  non* radioactive  assay  technique 
developed  by  Sigma  Chemical  Co.  This  assay  has  proven  very  satisfactory. 

Using  the  following  purification  steps  we  have  increased  the  specific 
activity  16  fold  and  have  gotten  rid  of  98Z  of  the  protein. 


Preparation 

Specific  Activity  units/mz 

Total  Protein 

Lysed  Cells 

8.9 

693.16 

Crude  Extract 

39.97 

414.54 

Polymin  P  supernatant 

22.60 

109.78 

(NH^)2S0^  solobalisation 

165.36 

6.72 

of  Polmin  P  pellett 

1 

DNA-Agarose  peak 

144.62 

1.05 

We  have  added  FoA,  FoB  and  their  nucleotides  at  various  concentrations 
with  varying  amounts  of  deoxynucleo tides  used  for  this  assay,  and  we  have 
found  slight  stimulation  to  no  effect  on  this  enzyme.  Our  conclusion  is 
that  under  the  conditions  of  testing  fonnycin  metabolites  do  not  effect  OKA 
polymerase  to  any  significant  extent. 

We  plan  to  use  our  purification  procedure  to  test  the  effect  of  other 
purine  analogs  on  this  enzyme. 

Uptake 

OPTAKE  STUDIES  WITH  PURDIES  AMD  PYRIMXDIHES 


Uptake  studies  involving  a  procedure  which  is  based  on  rapid  separation 
(5  sec)  of  medium  from  cells  by  centrifugation  (Kidder,  Dewey  and  Nolan,  1978, 
J*  Cell.  Physiol. .  96,  165*170)  were  performed  using  L.  mexicana  WR  227. 

%eee  studies  were  carried  out  using  whole  cells  of  the  parasites  along 
with  labeled  purine  and  pyrimidine  bases  and  nucleosides.  Incubations  were 
carried  out  in  1.5  ml  microcentrifuge  tubes. 
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Fig.  8  shows  uptake  of  adenine  and  adenosine  as  a  function 
of  ESI.  This  data  suggests  that  we  are  studying  a  carrier  mediated 
transport  system.  If  siirple  diffusion  were  involved,  the  pH  would 
not  have  an  effect. 

Fig.  9  shews  the  appearance  and  dissaf^jearance  of  transport 
capabilities  with  time  of  L.  mexiccuia  inoculated  into  a  purine  free 
m^ium  (Steigher  and  BlackF.  As  shown  these  cells  develop  a  much 
higher  capability  to  transport  adenosine  with  time  during  purine 
starvation  as  \^ien  compared  to  the  other  purines. 

The  scanning  electron  micrographs  shown  in  Figure  A,  a  normal 
48  hr  parine  "starved"  L.  donovani  cell  and  in  Figure  B  a  similar 
cell  exposed^to  5  mM  caffeine  (20  min) .  It  has  been  determined  with 
the  use  of  c  caffeine  that  caffeine  does  not  accumulate  in  these 
cells  and  that  the  addition  of  2mM  adenosine  will  reverse  the 
morphological  effects  of  caffeine  up  to  3  hrs.  5mM  caffeine  will 
inhibit  transport  of  adenosine  by  35%  in  2  min.  If  the  caffeine 
exposed  cells  are  veshed  free  of  caffeine  the  adenosine  transport 
is  restored  as  well  as  its  shape.  This  data  suggests  that  caffeine 
attaches  to  one  of  the  adenosine  reewtor  sites  v^ch  inhibits  ad¬ 
enosine  transport.  It  also  suggests  that  saturation  of  receptor 
sites  cai  the  surface  alters  cell  shape. 

In  Vivo  Growth  Experiments  with  Cyclic  FoA 

We  have  found  that  cyclic  FoA  is  as  potent  an  inhibitor  as  FoA 
and  Fob  in  L.  mexicana  227  (Fig.  10) .  We  plan  to  do  more  in  vivo 
growth  experiments  and  to  investigate  cFoA  metabolian  in  Leishmania. 

ISOIATION  CF  MESSENGER  RNA 

We  are  currently  isolating  and  stock  piling  itiRNA  from  purine 
analog  treated  cells  and  unexposed  cells.  We  are  doing  this  so  that 
cur  experimoits  testing  the  results  of  differait  analogs  will  be 
done  with  the  same  reticulocyte  lysate  preparation  and  other  stock 
solutions  making  the  experiments  as  ccnparable  as  possible. 
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GUANINE 


SPECIFIC  AIMS  AND  MILITABT  SIGNIFICANCE; 


The  need  for  leishmanlcides  cannot  be  overemphasized.  At  present  chemotherapy 
is  dependent  on  a  relatively  small  nximber  of  synthetic  drugs.  Resistance  has  been 
reported  to  occur  against  all  these  drugs  and  development  of  resistance  to  one 
compound  is  often  accompanied  by  cross-resistance  to  others.  In  the  chemotherapy 
of  visceral  and  cutaneous  leishmaniasis,  the  choice  of  drugs  is  very  limited  and 
success  of  a  particular  drug  appears  to  vary  from  locality  to  locality,  presumably 
due  to  strain  differences  in  Leishmania. 

To  date  the  logical  design  of  antiparasitic  drugs  has  proved  largely 
unsuccessful  with  the  exception  of  purine  metabolism  in  protozoa.  While  mammalian 
cells  are  capable  of  ^  novo  synthesis  of  purines,  many  parasites  do  not  synthesize 
purines  but  use  salvage  pathways.  Analogs  inhibiting  key  enzymes  in  the  salvage 
pathways  should,  therefore,  provide  novel  therapeutic  agents.  Purines  and  pyrimi¬ 
dines  serve  not  only  as  precursors  of  RNA  and  DNA,  but  also  as  stores  of  high 
energy  phosphate,  constituents  of  certain  coenzymes,  and  modulators  of  various 
enzymatic  reactions.  In  view  of  this  vital  role.  Intervention  of  their  metabolism 
will  have  profound  effects  on  the  organism. 

To  date  there  is  no  safe,  effective,  and  qtiality-controlled  anti-parasitic 
vaccines.  Membrane  antigens  differ  from  one  species  to  another  and  during  the 
course  of  infection,  the  production  of  a  useful  vaccine  very  difficult. 

Parasite  enzymes  located  on  or  near  the  surface  of  the  membrane  and  trans¬ 
port  and  receptor  proteins  on  the  membrane  which  differ  from  the  hosts  are 
candidates  as  molecules  which  provoke  host-protective  Immunity. 

Leishmania  and  Trypanosoma  studied  have  been  found  to  require  exogenous 
purine  (Gutteridge,  1978)  as  opposed  to  the  majority  of  mammalian  cells.  This 
fact  together  with  the  finding  that  some  purine  metabolizing  enzymes  are  different 
CKidder  and  Nolan  1979;  Nolan  and  Kidder,  1980)  may  provide  a  useful  target  for 
iffloiune  intervention. 

The  elucidation  of  Che  biochemical  mode  of  action  of  promising  compounds 
(allopurinol  riboside,  formycin  B)  will  permit  the  logical  design  of  more 
effective  derivatives  and  also  will  provide  insight  on  the  mechanism  of  drug 
resistance.  This  information  may  allow  a  therapy  program  to  be  developed  which 
wotild  decrease  or  eliminate  the  problem  of  drug  resistance. 

SPECIFIC  AIMS 

1)  The  mode  of  action  of  formycin  B  and  its  major  metabolites,  formycin  A 
mono,  di  and  triphosphate  will  be  determined  at  the  transcription  and  translation 
level.  Their  mode  of  action  will  be  compared  to  allopurinol  riboside  and 
4-eainopyrazolopyrimidine  • 

Altered  structure  of  mRNA,  ribosomes,  tRNA  and  DNA  will  be  determined  by 
in  vitro  assay  techniques  and  gel  electrophoresis.  RNA  and  DMA  polymerase  will 
be  partially  purified  and  formycin  compounds  will  be  tested  for  inhibition  of 
their  activity. 
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Oice  we  determine  the  site  or  sites  of  action  of  fonnycin 
metabolites,  if  WRAIR  wishes  we  will  test  fom^in  derivatives  being 
synthesized  by  Dr.  Roland  K.  Repins,  Director  of  the  Cancer  Research 
Center,  Provo,  Utah.  Dr.  Rdcins  is  also  under  contract  to  WI^R. 
Techniques  v^ch  will  be  employed  are  described  in: 

1) .  Clemens,  et  al.,  J.  Biol.  Chem.  250,  2  (1975)  522-526; 

2) .  Methods  in  EnzynoTogy,  Vols.  XX,  XXI,  XXII.  These  volumes 
describe  techniques  for  nucleic  acid  and  protein  synthesis  studies 
and  isolation  of  RNA  and  DNA  polymerases. 

Our  preliminary  data  suggests  the  possibility  that  formycin 
nucleotides  may  bind  to  ribosemes  since  incubation  of  fonr^in  nu¬ 
cleotides  with  rabbit  reticulocyte  lysate  before  initiation  of 
translation  inhibits  in  vitro  protein  synthesis  by  90%  (see  Previous 
Wbrk  on  This  Project)  •  A  nxmb^  of  very  successful  antibiotics 
(purcmycin,  Str^>tanycin,  aminoglycosides,  neot^in,  kanantycin, 
gentamicin,  l:ygrcnycin  B,  auritricarboxylic  acid,  pactamycin,  edine, 
tetracylines,  emetine,  cryptopleurine,  chloroanphenicol,  erythromycin, 
linconycin  and  Streptogramins,  to  name  a  few)  have  been  shown  to 
exert  their  toxic  effects  on  ribosanes.  We  feel  that  ribosome  char¬ 
acterization  in  Leishmania  may  prove  very  irrportant  in  the  elucidation 
of  the  node  of  action  of  fonnycin  B.  Also,  investigations  of 
leishmanial  ribosomes  cmd  their  binding  capacities  may  help  in  the 
design  of  a  more  effective  drug. 

2  We  will  iso^te  ribosomes  from  Leishmania  and  expose  them  to 
C'^H]-FqATP  and  C^hVfcAMP.  These  radioactive  nucleotides  will  be 
synthesized  from  by  incubating  Leishmania  or  red  blood 

cells  with  C3H-F0B  and  isolating  the  products  by  HPLC.  The  radio¬ 
active  nucleotides  will  be  incubated  with  ribosomal  subunits  which 
will  then  be  collected  (e.g.  on  Millipore  filters) ,  washed  free 
from  unbound  nucleotide  and  assayed  for  radioactivity.  This 
technique  is  adequate  to  detect  tight  binding  but  may  give  negative 
results  with  compounds  which  interact  only  weakly  with  ribosomes. 

Weak  binding  can  be  tested  using  unlabelled  FoA  nucleotides 
and  incubating  them  with  ribosomal  subunits.  These  subunits  will 
then  be  combined  with  untreated  partners  to  ascertain  whether  the 
nucleotide  inactivates  either  subunit.  These  types  of  experiments 
have  been  used  to  demonstrate  the  mode  of  action  of  the  antibiotics 
that  were  previously  listed. 

We  will  investigate  further  the  incorporation  of  FoA  nucleotides 
into  tct£Ll  RNA.  Total  RNA  of  organians  treated  or  untireated  with 
C^HD-FoB  will  be  isolated  and  fractionated  by  HPLC  to  rRNA,  tRNA  and 
mRNA*  By  this  method  we  will  be  able  to  determine  v^iere  most  of 
the  C%n-^bB  is  incorporated.  Dr.  Lallan  Giri,  at  Pharmacia  Pine 
Chemical  Co.,  will  help  us  in  developing  isolation  by  HPLC. 


After  we  deterrnine  the  site  (s)  of  action  of  FoA  n\x:leotides  ip. 

Leishnania,  we  will  use  dog  liver  to  determine  the  metabolism  of  C%]-FoB 
and  test  its  effects  on  liver  protein  synthesis.  Berman  (personal  camuni- 
cation)  has  reported  that  FoB  administration  to  dogs  has  produced  liver 
damage.  Detailing  the  metabolism  and  mode  of  action  of  FoB  in  dog  liver  will 
allow  one  to  either  circumvent  its  metabolisn  in  the  liver  or  produce  a  more 
specific  analog  for  treatm^t  of  leishnaniasis.  For  example,  if  FoB  is 
phosphorylated  by  adenonine  kinase  in  the  liver  and  by  nucleoside  phospho¬ 
transferase  in  Leishnania,  an  inhibitor  of  adenosine  kinase  would  stop  FoB 
metabolism  and  prevent  its  toxic  effects  in  liver.  Also,  one  might  synthesize 
an  analog  vdiich  would  not  serve  as  a  substrate  for  adenosine  kinase,  but 
would  for  nucleoside  phosphotransferase  and  still  maintain  the  same  major  mode 
of  action  of  FoB. 

Purine  analog  metabolisn  in  liver  is  inportant  since  the  liver  is  believed 
to  be  a  major  regulator  of  purine  concentration  in  plasma  (Arnold  and  Cysyk, 
1983).  These  authors  found  that  in  rat  liver  the  purines  l^poxanthine,  inosine, 
and  adenine  were  all  found  to  be  ccrnpletely  cleared  in  a  single  passage,  but 
differed  in  their  metabolic  fate  after  uptake.  Studies  by  several  groups  have 
provided  evidence  that  rapidly  proliferating  cells  within  several  different 
organs,  such  as  intestinal  ^ithelium,  bone  marrow  and  spleen,  use  purine 
ccropounds  as  sipplemental  nutrients.  They  are  provided  by  the  liver  and  carried 
to  the  organs  by  erythrocytes  (Lemer  and  Lowy,  1974;  Lcwy  and  Lemer,  1974; 
Pritchard  et  al.  1970). 

(2)  The  in  vivo  and  in  vitro  metabolism  of  cyclic  forntycin  A  (cFoA)  will  be 
investigated  by  HPLC  chrcmotography. 

We  have  found  that  when  L.  mexicana  cells  are  exposed  to  [I^]-FoB  and  the 
cell  extract  analyzed  by  HPLC,  a  peak  v^ch  oo-elutes  with  authentic  cFoA  is 
present.  Also,  in  vivo  growth  experiments  with  L.  mexicana  have  shown  that 
cFqA  is  as  inhibitory  as  FoA  and  FoB  (see  section.  Previous  Work  cm  This 
Project) . 

A  correlation  between  cyclic  AMP  concentration  within  Leishmania  cells  and 
proliferation  and  transformation  has  been  demonstrated.  In  the  case  of 
L.  donovani  the  transformation  of  amastigotes  to  promastigotes  was  inlubited  by 
the  additiOT  of  dibutyryl  cAMP  (Walter  and  Ebert,  1978) . 

We  will  determine  if  cFoA  is  inliibitory  in  Leishnania  due  to  (1)  its 
metabolisn  to  FoA  nucleotides  or  (2)  its  action  as  aSTcAMP  analog  or  (3)  both 
1  and  2. 

(3)  We  will  continue  to  study  purine  and  pyrimidine  uptake  and  accumulation 

in  the  presence  and  cibsence  of  pronising  analogs.  We  will  also  st\xiy  this  area 
of  metabolisn  in  prcmastigote  to  amastigote  transformation.  Initi£dly  a  revision 
of  the  media  of  Pan  (1984)  will  be  used  for  this  investigation.  We  will 
ccmpare  the  results  detained  from  amastigotes  grown  in  cell-free  mediim  to 
those  isolated  from  cell  line  J774.  Looker,  Berens  and  Marr  (1983)  have 
reported  that  adenine  deaminase  is  present  in  promastigotes  of  L.  donovani 
but  absent  in  amastigotes  with  the  opposite  situation  occurring  for  the  presence 
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of  adenosine  deaminase.  Alterations  of  the  purine  concentrations  in  a  medium 
for  amastigotes  will  allow  us  to  determine  if  the  cellular  environment  induces 
adenosine  deaminase  production  or  if  the  production  of  adenosine  deaminase 
is  dependent  on  the  transformation  process. 

A  great  amount  of  attention  will  be  placed  on  adenosine  metabolism, 
since  we  have  obtained  preliminary  data  suggesting  that  during  purine 
starvation  L.  mexicana  develops  the  capaci^  to  accumulate  adenosine  more 
than  any  other  purine  tested  (see  section.  Previous  Work  on  This  Project, 

1983) .  Also,  we  have  obtained  evidence  that  compounds  which  attach  to 
adenosine  receptors  alter  cell  shape. 

Many  biological  properties  of  adenosine  have  been  identified:  it  is 
toxic  to  manmalian  and  bacterial  cells,  and  its  presence  is  associated  with 
inhibition  of  the  iirmune  response,  coronary  dilation,  delayed  n^irotransmission, 
inhibition  or  stimulation  of  hormone  secretion,  and  changes  in  the  metabolian 
of  a  number  of  tissues.  Adenosine  has  many  biochemical  effects  including: 
direct  activation  of  adenylate  cyclase,  inhibition  of  pyrimidine  biosynthesis 
and  diminution  of  Etosphoribosyl-pyropho^hate  (Fox  and  Kelley,  1978). 

Investigations  of  the  possible  role  adenosine  may  play  in  parasite  trans¬ 
formation  and/or  alteration  of  macrophage  function  will  help  in  the  develcxxtvait 
of  antileishnanial  compounds  and  understanding  the  disease  process. 
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